Clinical Practice Guidelines for Diagnostic Testing for Adult
Obstructive Sleep Apnea: An Update For 2016
An American Academy of Sleep Medicine Clinical Practice Guideline

1.0 INTRODUCTION
The diagnosis of obstructive sleep apnea (OSA) has previously been addressed in t he American
Academy of Sleep Medicine (AASM) guidelines including “P ractice Paramet ers for the Indications for
Polysomnography and Related Procedures: An Update for 2005” and “Clinic al Guidelines for the Use of
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Unattended Portable Monitors in the Diagnosis of Obstructive Sleep Apnea in Adult Patients (2007)”.
The AASM commissioned a task force (TF) of content experts to develop an updated clinical practice
guideline (CPG) on this topic. The objectives of this CPG are to combine and updat e information from
prior guideline documents regarding diagnosis of OSA including the circumstances under which
laboratory polysomnography (PSG) or home sleep apnea testing (HSAT) should optimally be performed.

2.0 BACKGROUND
The term sleep disordered breathing encompasses a range of disorders with most falling into the
categories of OSA, central sleep apnea (CSA) or sleep -related hypoventilation. This paper foc uses on
diagnostic issues related to the diagnosis of OSA, a breathing dis order characterized by narrowing of the
upper airway that impairs normal ventilation during sleep. Recent reviews on the evaluation and
3, 4
management of CSA and sleep-related hypoventilation have been published separately by the AASM.
The prevalence of OSA depends significantly on the population studied and how OSA is defined (testing
methodology, scoring criteria used, apnea hypopnea index (AHI) thres hold). In population-based studies
utilizing an AHI cutoff of ≥15 events per hour (hypopneas associated with 4% oxygen desaturations)
combined with symptoms to define OSA as a clinical syndrome, the prevalence of OSA has most rec ently
5
been estimated at 14% of men and 5% of women in population-based data. OSA may impact a larger
proportion of the population than indicated by these numbers as the definition of AHI used in this study
was restrictive as it did not consider hypopneas that disrupt sleep without oxygen desaturation. In
addition, the estimate excludes individuals with an elevated AHI who do not have sleepiness but who may
6-8
nevertheless be at risk for adverse consequences such as cardiovascular disease.
In specific
populations, the prevalence of OSA is substantially higher, for example, in patients being evaluated for
bariatric surgery (range of 70-80%) or who have had a transient ischemic attack or stroke (range of 609
70%). Other disease-specific populations found to have increased rates of OSA include, but are not
limited to, patients with c oronary art ery disease, congestive heart failure, arrhythmias, refractory
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hypertension, type 2 diabetes, and polycystic ovarian disease.
The consequences of untreated OSA are wide ranging and are postulated to result from the fragmented
sleep, intermittent hypoxia and hypercapnea, intrathoracic pres sure swings, and increased sympathetic
nervous activity that accompanies disordered breathing in sleep. Individuals with OSA often feel unrested,
fatigued, and sleepy during the daytime. They may suffer from impairments in vigilance, ability to
concentrate, cognitive function, social interactions and quality of life. Declines in daytime function can
12
translate into higher rates of job-related and motor vehicle accidents. Patients with untreated OSA may
be at increased risk of developing significant cardiovascular disease, including difficult to control blood
13
pressure and increased risk of coronary artery disease, congestive heart failure, arrhythmias and stroke .
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OSA is also associated with metabolic dysregulation, affecting glucose control and risk for diabetes .
Undiagnosed and untreated OSA is a significant burden on the healthcare system, with increased
15
healthcare utilization seen in those with untreated OSA, thus, highlighting the import ance of early and
accurate diagnosis of this common disorder.

Recognizing and treating OSA appears to be important for a number of reasons. The treatment of OSA
has been shown to improve quality of life, lower rates of motor vehicle accidents, and reduce the risk of
16
chronic health consequences of untreated OSA as mentioned above.
There is also data supporting a
17
decrease in healthcare utilization and cost following the diagnosis and treatment of OSA.
However,
there are challenges and uncertainties in making the diagnosis and a number of questions remain
unanswered.
Individuals with OSA are not immune to other sleep disorders ; and t hey may have t hese diagnoses as
part of, or unrelated to, their OSA. Co-morbid insomnia has been found to be a frequent problem in
18
patients with OSA.
There are also instances where undiagnosed OSA may be masquerading as
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another sleep disorder, such as REM Behavior Disorder.
When OSA is suspected, a comprehensive
sleep evaluation is important to ensure appropriate diagnostic testing is performed to address OSA, as
well as other comorbid sleep complaints. Due to the high prevalence of OSA, there is significant cost
associated with sending all patients suspected of having OSA for formal in -lab PSG testing (currently
considered the gold standard diagnostic test). Further, there also may be limited accessibi lity to in-lab
testing in some areas. HSA T is an alt ernative way to diagnose OSA in adults that has limitations but
which may be less costly and more efficient in some populations. This guideline document addresses
some of these issues through an evidence-based approach.
The diagnosis of OSA involves measuring breathing during sleep. The evolution of measurement
techniques and definitions of abnormalities justifies updating the guidelines regarding diagnostic testing,
but also complicates the evaluation and summary of evidence gathered from older researc h studies that
have included sleep tests with diverse sensor types and scored respiratory events using different
definitions. The third edition of the International Classification of Sleep Disorders (ICS D-3) defines OSA
as a PSG-determined obstructive respiratory disturbanc e index (RDI) >5 events per hour associated
with the typical symptoms of OSA (unrefreshing sleep, daytime sleepiness, fatigue or insomnia,
awak ening with a gasping or choking sensation, loud snoring, or wit nessed apneas), or an obstructive
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RDI >15 events per hour (even in the absence of symptoms).
In addition to apneas and hy popneas
that are included in the AHI, the RDI includes respiratory effort-relat ed arousals (RERAs). The scoring of
respiratory events is defined in the AASM Manual for the Scoring of Sleep and Associated E vents: Rules,
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Terminology and Technical Specifications, version 2.3.
However, it should be noted that considerable
controversy surrounds the definition of a hypopnea event. The AASM Scoring Manual indicates a
preferred definition that requires changes in flow to be associated with a 3% oxygen desaturation or a
cortical arousal, but allows an alternative definition that requires association with a 4% oxygen
desaturation. Depending on which definition is used, the AHI may be considerably different in a given
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individual.
The discrepancy between these and other hypopnea definitions used in research studies
introduces complexity in the evaluation of evidence regarding the diagnosis of OSA.
One area of focus was the role of HSA T in the diagnosis of OSA. There are potential disadvantages to
HSA T relative to PSG as a diagnostic test related t o differences in t he phys iologic parameters being
collected, and the availability of personnel to adjust sensors when needed. With regards to HSA T sensor
technology, we refer readers to a classification system has been previously proposed: the SCOPER
classification which incorporates Sleep, Cardiovascular, Oximetry, Position, Effort and Respiratory
25
parameters.
This categorization convention allows for the inclusion of technologies such as peripheral
arterial tonometry (PAT).
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Measurement error is inevitable in HSA T versus in -laboratory PSG as standard sleep staging channels
are typically not monitored (e.g. EEG, EOG and EMG monitoring are not typically performed) which
results in use of the recording time rather than sleep time to define the denominator of t he Respiratory
E vent Index (REI; the term used to represent the frequency of apneas and hypopneas derived from
HSA T). HSA T monitors that us e conventional sensors are unable to detect hypopneas only associated
with cortical arousals which are included in the preferred AHI metric recommended by the AASM scoring
manual. Sensor dislodgement and poor quality signal during HSA T are additional cont ribut ors to the
measurement error of the RE I. All these factors can result in the underestimation of the “true” AHI based
upon in-laboratory monitoring as well as the need for repeated studies becaus e of inadequate data.
Though the guideline has a diagnostic focus, diagnosis occurs in the context of management of a patient
within the healthcare system, and therefore outcomes other than diagnostic accuracy are relevant in the
evaluation of management strategies. These include impact on clinical outcomes (e.g., sleepiness,
quality of life, morbidity, mortality, adherence to therapy) and efficiency of care ( e.g., time to test, time to
treatment, costs). Therefore, these important clinical outcomes variables are also included and
synthesized in the current document.
1, 2

Prior AASM guideline documents
addressing the diagnosis of OSA included statements that are no
longer felt by the TF to be required, thus these statements were not addressed in the current updat e.
Moreover, prior guidelines included consensus statements that have not been specifically evaluated in
clinical trials. Following careful qualitative evaluation by the TF, some of these statements that were felt to
be of high importance to ensure quality care were adopted in the current guideline as ‘good practice’
recommendations. The scope of this paper also does not include a comprehensive update of guidelines
regarding technical specification for sleep testing. Nevertheless, the paper considers whether currently
recommended technology was used in the research studies that were evaluated. In particular, the TF felt
that the use of currently AASM recommended flow (nasal pressure transducer and thermistor) and effort
sensors (respiratory inductance plethysmography) during PSG and HSA T increased the value of
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evidence derived from validation studies. As part of the data extraction process, validation studies were
classified on the basis of whether the currently recomm ended respiratory sensors were used for PSG or
HSAT.

3.0 METHODS
3.1 Expert Task Force
The AASM commissioned a TF of sleep medicine physicians with ex pertise in the diagnosis and
management of adults with OSA to develop this guideline. These content experts were required to
disclose all potential conflicts of interest (COI) according to the AASM’s COI policy both prior to being
appointed to the TF, and throughout the research and writing of this paper. All relevant conflicts of
interest are listed in the Disclosures section.
3.2 PICO Questions
A PICO (Patient, Population or Problem, Intervention, Comparison, and Outcomes) question template
was used to develop clinical questions to be addressed in this guideline. The PICO format is an
established framework for guiding literat ure searches targeted at addressing the clinical questions and
developing evidence-bas ed clinical practice recommendations. PICO questions were developed based
on a review of the existing AASM practice parameters on indications for use of PSG and unattended
portable monitoring for the diagnosis of patients with OSA, and a review of systematic reviews, meta analyses, and guidelines published since 2004. The AASM Board of Directors (BOD) approved the final
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list of PICO questions presented in Table 1 before the literat ure s earch was performed. To develop the
PICO questions, the TF identified the commonly used approac hes and devices for the diagnosis of OSA.
The TF then developed a list of patient-orient ed clinically relevant outcomes that are indicative of whether
the diagnostic approach should be recommended for clinical practice. Both diagnostic and clinical
outcomes were identified by the TF. The TF rated their relative importance to determine which outcomes
are critical for decision-making. A summary of the critical outcomes by PICO is presented in Table 2. A
summary of the clinical significance thres holds for the clinical outcome measures is presented in Table 3.
The clinical significanc e thresholds were established bas ed on TF consensus and ex perience and were
used to determine if the changes in outcomes were clinically significant and whether the intervention
should be recommended in clinical practice. It should be noted that there was insufficient evidence to
directly address PICO question 1, as no studies were identified that compared the efficacy of clinical
prediction algorithms to history and physical exam. However, the TF decided to compare the efficacy of
clinical prediction algorithms to PSG and/or HSAT.
Table 1 - PICO Questions
1. In adult patients with suspected OSA, do clinical prediction algorithms accurately identify patients
with a high pretest probability for OSA compared to history and physical exam? (See
Recommendation 4.1)
2. In adult patients with suspected OSA, does HSAT accurately diagnose OSA, improve clinical
outcomes and improve efficiency of care compared to attended PSG? (See Recommendation 4.2)
3. In adult patients scheduled for upper airway surgery for snoring or OSA, does attended PSG or
HSAT accurately identify patients with OSA and improve clinical outcomes compared to using a
history and physical exam or clinical prediction algorithms? (No recommendations, see Future
Directions)
4. In adult patients with comorbid conditions (post-stroke, chronic heart failure, chronic obstructive
pulmonary disease, opioid use, neuromuscular disease, hypoventilation, insomnia) and suspected
OSA, does HSAT accurately diagnose OSA, improve clinical outcomes and efficiency of care
compared to attended PSG? (See Recommendation 4.3)
5. In adult patients undergoing attended PSG for suspected OSA, does a split -night study accurately
diagnose OSA and improve efficiency of care compared to a full-night study? (See
Recommendation 4.4)
6. In adult patients undergoing attended PSG for suspected OSA, do two nights of attended PSG
accurately diagnose OSA and improve efficiency of care compared to a single night of attended
PSG? (See Recommendation 4.5)
7. In adult patients undergoing HSAT for suspected OSA, is there a minimum number of hours of
HSAT that accurately diagnoses OSA and improves efficiency of care? (See Recommendation 4.2)
8. In adult patients undergoing HSAT for suspected OSA, do multiple nights of HSAT accurately
diagnose OSA and improve efficiency of care compared to a single night of HSAT? (See
Recommendation 4.2)
9. In adult patients with diagnosed OSA, does repeat PSG or HSAT to confirm severity of OSA or
efficacy of therapy improve outcomes relative to clinical follow-up without repeat testing? (No
recommendations, see Future Directions)
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Table 2 – “Critical” Outcomes by PICO
PICO
Diagnostic Subjective
Question Accuracy* Sleepiness
1
√
2
FN only
√
3
√
√
4
√
5
√
√
6
√
√
7
√
8
√
9
√

CPAP
Adherence

AHI

Depression

√
√

√

√

√

√
√

√
√

√
√

√
√

√
√

√
√

√

√

√

√

QOL**

Cardiovascular
Endpoints

* Diagnostic Accuracy is determined by the number of True Positive (TP), False Positive (FP), True Negative (TN), False Negativ e
(FM) diagnoses
**Based on SAQLI and FOSQ measures of QOL. SF-36 measure of QOL w as determined to be important but not critical for
decision-making based on TF consensus.

Table 3 – Summary of Clinical Significance Thresholds for Clinical Outcome Measures
Outcome Measure
Epworth Sleepiness Score (ESS)
Functional Outcomes of Sleep Questionnaire (FOSQ)
Sleep Apnea QOL Index (SAQLI)
CPAP Adherence (hrs/night)
CPAP Adherence (% nights >4 hrs)
SF-36 (Vitality Score)
SF-36 (Physical Component Summary Score)
SF-36 (Mental Component Summary Score)

Clinical Significance Threshold
2 points
1 point
1 point
0.5 hrs/night
10%
14 points
3 points
3 points

3.3 Literature Searches, Evidence Review and Data Extraction
The TF performed an extensive review of the scientific literat ure t o retrieve articles which addressed at
least one of the nine PICO questions. Multiple literature searches were performed by the AASM research
staff using the PubMed and Embase databases throughout the guideline development process (see
Figure 1). The search yielded articles with various study designs however the analysis was limited to
randomized controlled trials (RCTs ) and observational studies. The articles that were cited in the 2007
2
1
26
27
AASM clinical practice guideline, 2005 practice parameter, 2003 review, and 1997 review were
included for data analysis if they met the study inclusion criteria described below.
The literature search in PubMed and Embase was conducted using a combination of MeSH terms and
keywords as presented in the Supplemental Mat erials. The PubMed database was searched from
January 1, 2005 through July 26, 2012 for any relevant literature published since the last guideline. This
search was updated again on December 9, 2013 to capture the latest literature. A total of 3,730 citations
were identified in PubMed and supplemented by pearling (i.e., checking the reference sections of search
results for articles otherwise missed) which identified an additional 35 citations.
The literature search in Embase was performed using a combination of terms and keywords as presented
in the Supplemental Materials. The Embase database was searc hed from January 1, 2005 through
September 13, 2012. This search was updated on December 9, 2013 to capture the latest literature and
cross-checked with the results from the PubMed search. A total of 1,300 citations were identified in
Embase.
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A final search was performed using PubMed on June 29, 2016 to update the guideline prior to submission
to the AASM BOD for review and approval for public comment. The final search identified an additional
1,936 articles for inclusion/exclusion assessment. The literature searches yielded a total of 5,065
citations from both databases.
Each abstract was assessed by 2 reviewers to determine whether they met inclusion c riteria presented in
the Supplemental Materials. Articles were excluded per the criteria listed in the Supplemental Materials
and Figure 1. A total of 187 articles met these criteria and were considered for dat a ex traction, metaanalysis, and grading. A total of 89 studies were included in meta-analysis and/or grading.
Figure 1 – Evidence Base Flow Diagram
6,966 studies identified through PubMed and Embase.
Search 1: (PubMed) January 1, 2005 to July 26, 2012
(Embase) January 1, 2005 to September 13, 2012
Search 2: (PubMed) July 27, 2012 to December 23, 2013
(Embase) September 13, 2012 to December 23, 2013
Search 3: (PubMed) December 24, 2013 to June 29, 2016

7,001 studies screened for
inclusion/exclusion criteria

35 studies identified
through pearling

4932 studies excluded.
Reason for exclusion:
a. Treatment paper, not about diagnosis
b. No OSA
c. Pediatric patients
d. Initial sample size ≥ 25 per condition, 50
total for PICO 2
e. Initial sample size ≥ 10 per condition, 20
total for all other PICOs
f. Wrong publication type (review,
editorial, methodological, non-RCT or
non-observational study)
g. Other sleep comorbidities besides OSA
h. Hospitalized or general surgery
i. Diagnostic test not in PICO question
j. Time between HSAT and PSG >4 weeks
k. HSAT used in-lab
l. HSAT used simultaneously with PSG inlab
m. MSLT, MWT, and other nap tests

89 studies included in
meta-analysis and/or
grading

187 studies considered
for meta-analysis and
evidence grading
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3.4 Meta-Analysis
Meta-analysis was performed on both diagnostic and clinical outcomes of interest for each PICO question
when possible. Diagnostic approaches were categorized into the following: clinical prediction algorithms;
history and physical exam; HSAT; attended PSG; split-night attended PSG; two-night attended PSG;
single-night HSAT; multiple-night HSAT; follow-up attended PSG; and follow-up HSAT. Adult patients
were categorized into the following: suspected OSA; suspected OSA with comorbid conditions; diagnosed
OSA; and scheduled for upper airway surgery.
For diagnostic outcomes of interest, data on the pre-test probability for OSA, sensitivity and specificity of
the tested diagnostic approach, and number of patients for each study included in the analysis was
entered into statistical software to derive pooled sensitivity and specificity estimates for each OSA
severity threshold (i.e., AHI ≥5, AHI ≥15, AHI ≥30). For analyses that included more than 5 studies,
hierarchical modeling of the sensitivity and specificity data was first performed using STATA software to
derive the pooled estimates. The pooled estimates of sensitivity and specificity were entered into Review
Manager 5.3 software to generate a forest plot with the sensitivity and specificity represented by a mean
value and standard deviation. Pooled estimates of sensitivity and specificity, along with the TF estimates
of OSA prevalence, were entered into the GRADE Guideline Development Tool (GDT) to estimate the
number of true positive (TP), true negative (TN), false positive (FP), and false negative (FN) diagnoses
per 1,000 patients for both high risk and low risk patients. The TF determined the downstream
consequences of an accurate versus inaccurate diagnosis (see Supplemental Materials, Table S1) and
used the above estimates to weigh the benefits of an accurate diagnosis versus the harms of an
inaccurate diagnosis. This information was used, in part, to assess whether a given diagnostic approach
could be recommended when compared against PSG. For analyses of diagnostic outcomes that included
less than 5 studies, pooled estimates of sensitivity and specificity could not be derived using hierarchical
modeling. For such analyses, the range of sensitivity and specificity across the studies was entered
directly into the GDT to estimate the number of TP, TN, FP, and FN per 1,000 patients for both high risk
and low risk patients.
For clinical outcomes of interest (e.g., subjective sleepiness, QOL, CPAP adherence etc.), data on
change scores before and after treatment were entered into the Review Manager 5.3 software to derive
the mean difference and standard deviation between the experimental diagnostic approach and the gold
standard or comparator. For studies that did not report change scores, data from post -treatment values
taken from the last treatment time-point were used for meta-analysis. All meta-analyses of clinical
outcomes were performed using the random effects model with results displayed as a forest plot.
Interpretation of clinical significance for the clinical outcomes of interest was conducted by comparing the
absolute effects of each diagnostic approach to the Clinical Significance Threshold previously determined
by the TF for each clinical outcome of interest (see Table 3).
There was insufficient evidence to perform meta-analyses for PICOs 3 and 9, thus no recommendations
are provided.
3.5 Strength of Recommendations
The assessment of evidence quality was performed according t o the Grading of Recommendations
28
Assessment, Development and E valuation (GRA DE) process.
The TF assessed the following four
components to determine the direction and strength of a recommendation: quality of evidence, balance of
beneficial and harmful effects, patient values and preferences and resource use as described below.
1. Quality of evidence – based on an assessment of the overall risk of bias (randomization, blinding,
allocation concealment, selective reporting, and aut hor disclosures), imprecision (clinical
2
significance thresholds), inconsistency (I cutoff of 75%), indirectness (study population), and risk
of publication bias (funding sourc es), the TF det ermined their overall confidenc e that the
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2.

3.

4.

estimated effect found in the body of evidence was representative of the true treatment effect that
patients would see. For diagnostic accuracy studies, the QUA DAS-2 tool was used in addition to
the quality domains for the assessment of risk of bias in intervention studies. The QUADAS-2 tool
was used to consider specific study characteristics for additional risk of bias and applicability
related to patient selection, index test (test or device whos e performance is being evaluated),
reference standard, and flow and timing of patients and tests through t he study . The quality of
evidence was based on the quality of studies that reported on outcomes that the TF deemed
critical for decision-making.
Benefits vs. Harms – based on the meta-analysis (if applicable), analysis of any harms/side
effects reported within the accepted literature, and the clinical expertise of the TF, the TF
determined if the beneficial outcomes of the intervention outweighed any harmful side effects.
Patient values and preferenc es – based on the clinical expertise of the TF members and any data
published on the topic relevant to patient preferences, the TF determined if patient values and
preferences would be generally consistent, and if patients would use the intervention based on
the body of evidence.
Resource use – based on the clinical expertise of the TF members. The TF judged res ourc e use
to be important for determining whether to recommend the use of HSAT for diagnosis of OSA.
Resource use was not considered for other diagnostic approaches such as clinical prediction
tools and questionnaires.

Taking these major factors into consideration, each recommendation statement was assigned a direction
(For or Against) and strength (Strong or Weak). Additional information is provided in the form of
“Remarks” immediately following the recommendation statements, when deemed necessary by the TF.
Remarks are based on the evidence evaluated during the systematic review, are intended t o provide
context for the recommendations and are intended to guide clinicians in implementing the
recommendations in daily practice.
Discussions accompany each recommendation to summarize t he relevant evidence and explain the
rationale leading to each recommendation. These sections are an integral part of the GRADE system and
offer transparency to the process.
3.6 Approval and Interpretation of Recommendations
A draft of the guideline was available for public comment for a two-week period on the AASM website.
The TF t ook into consideration all the comments received and made decisions about whether or not to
revis e the draft based on the comments. The revised guideline was submitted to the AASM BOD who
subsequently approved these recommendations.
The recommendations in this guideline define principles of practice that should meet the needs of most
patients in most situations. This guideline should not, however, be considered inclusive of all proper
methods of care or exclusive of other met hods of care reasonably used to obtain the same results. The
ultimate judgment regarding the suit ability of any specific recommendation must be made by the clinician,
in light of the individual circumstances presented by the patient, the available diagnostic tools, the
accessible treatment options, and available resources.
The AASM expects this guideline to have an impact on professional behavior, patient outcomes, and
possibly, health care costs. This clinical practice guideline reflects the state of knowledge at the time of
the literature review and will be reexamined and updated as new information becomes available.
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4.0 CLINICAL PRACTICE RECOMMENDATIONS
The following clinical practice recommendations are based on a systematic review and evaluation of
evidence following the GRA DE methodology. Remarks are provided to guide clinicians in the
implementation of these recommendations. All figures, including meta-analyses and Summary of Findings
tables are presented in the Supplemental Materials. Table 4 shows a summary of the recommendation
statements including the strength of recommendation and quality of evidenc e. A decision tree for the
diagnosis of patients suspected of having OSA is presented in Figure 2.

The subs equent clinical practice recommendations are good practice statements, the implementation of
which is deemed necessary for appropriate and effective diagnosis and management of obstructive sleep
apnea:
Diagnostic te sting for OSA should be performed in conjunction with a comprehensive sleep
evaluation and adequate follow -up.
OSA is one of many medical conditions that can cause sleep symptoms, therefore diagnostic testing for
OSA is best carried out after comprehensive sleep evaluation. The clinical evaluation for OSA should
include a thorough sleep history and a physical examination that includes the respirat ory, cardiovascular,
and neurologic systems. Although the examiner may pay particular attention to observations regarding
snoring, apneas, nocturnal choking or gasping, restlessness, and excessive sleepiness, other aspects of
a sleep history should also be elicited as many patients suffer from more than one sleep disorder or
present with atypical sleep symptoms. In addition, medic al conditions associated with inc reas ed risk for
OSA, such as obesity, hypertension, stroke, and congestive heart failure should be identified. The general
evaluation should serve to establish a differential diagnosis, which can then be used to select the
appropriate test(s). Follow up under the s upervision of board certified sleep medicine specialist insures
that study findings and rec ommendations are relayed appropriately; and that appropriate expertise in
prescribing and/or administering therapy is available to the patient.
The Task force recognizes that there may be specific contexts (e.g., preoperative evaluation of OSA) in
which evaluation of OSA needs to occur in an expedited manner when it may not be practical to perform
a comprehensive sleep evaluation prior to diagnostic testing. In such situations, the Task Force
recommends a clinical pathway be developed and administered by a board certified sleep medicine
specialist or appropriately licensed medical staff member designat ed by the board certified sleep
medicine specialist that includes the following elements: a focused sleep apnea evaluation by a clinical
provider and/or use of tools/questionnaires that capture clinically important information that is reviewed
by a board certified sleep medicine specialist prior to testing; and availability of comprehensive sleep
evaluation and follow up under the supervision of a board certified sleep medicine specialist following
testing.
Attended polysomnography i s the gold standard diagnostic te st for the diagnosi s of obstructive
sleep apnea.
Misdiagnosing patients can lead to significant harm due to loss of benefits of therapy in those with OSA
and the prescription of inappropriate therapy in those without OSA. Sleep apnea-focus ed questionnaires
and clinical prediction rules lack sufficient accuracy and therefore direct measurement of sleep disordered
breathing is necessary to establish a diagnosis of OSA. PSG is widely accepted as the gold standard test
for diagnosis of OSA. Further, this test has typically been used as the gold standard for comparison of
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other diagnostic tests such as HSAT, which have lower accuracy. Besides the diagnosis of OSA,
attended PSG can identify co-existing sleep disorders including other forms of sleep disordered
breathing. In some cases, and within the appropriate context, the use of HSA T as the initial sleep study
may be acceptable, though PS G should be us ed when HSA T results do not provide satisfactory post -test
probability of confirming or ruling out OSA.

Table 4. Summary of Recommendation Statements
Strength of
Recommendation Statement
Recommend
ation
4.1a We recommend that clinical
Strong against
tools/questionnaires not be used to
diagnose OSA in the absence of
objective sleep testing.

Evidence
Quality
Moderate

Moderate

Benefits vs.
Harms

Patient Values &
Preferences

High
certainty
that harms
outweigh
benefits

Vast majority of
well-informed
patients would
most likely not
choose clinical
tools/questionnaire
s for accurate
diagnosis
Vast majority of
well-informed, high
risk uncomplicated
patients would
want option of
PSG or HSAT to
diagnose
suspected OSA
Vast majority of
well-informed
symptomatic
patients would
want PSG
performed if the
initial HSAT is
negative
Majority of wellinformed
symptomatic
patients would
want PSG
performed if the
initial HSAT is
technically
inadequate
Vast majority of
well-informed
patients with
significant
comorbidities
would most likely
choose PSG to
diagnose
suspected OSA

4.2ai We recommend that attended
PSG or HSAT with a technically
adequate device be used to diagnose
OSA in uncomplicated adult patients
presenting with signs and symptoms
that indicate a high risk of moderate to
severe OSA.
4.2aii We recommend that if a single
HSAT is negative or inconclusive that
an attended in-lab PSG be performed
for the diagnosis of OSA in
symptomatic patients.

Strong for

4.2aiii We recommend that if a single
HSAT is technically inadequate that
an attended in-lab PSG be performed
for the diagnosis of OSA in
symptomatic patients.

Weak for

Low

Low
certainty
that benefits
outweigh
harms

4.3a We recommend that PSG, rather
than HSAT, be used for the diagnosis
of OSA in patients with severe
cardiorespiratory disease,
neuromuscular disease with
respiratory muscle impairment, awake
hypoventilation or high risk of sleep
related hypoventilation, chronic opioid
medication use, or severe insomnia.

Strong for

Very Low

High certainty
that benefits
outweigh
harms

Strong for

High
certainty
that benefits
outweigh
harms

High
certainty
that benefits
outweigh
harms
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4.4a We suggest that if clinically
appropriate, a split-night diagnostic
protocol be used, rather than a fullnight diagnostic protocol for attended
PSG for the diagnosis of OSA.

Weak for

Low

Low
certainty
that benefits
outweigh
harms

4.5a We suggest that when the initial
attended PSG is negative and there is
still clinical suspicion for OSA, a
second attended PSG be considered
for the diagnosis of OSA in
symptomatic patients .

Weak for

Very low

Low
certainty
that benefits
outweigh
harms
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Majority of wellinformed patients
would most likely
choose a splitnight diagnostic
protocol to
diagnose
suspected OSA
Majority of wellinformed
symptomatic
patients would
most likely choose
a second attended
PSG to diagnose
suspected OSA
when the initial
PSG is negative
and there is still a
suspicion that
OSA is present

Figure 2 – Flow-chart for implementation of clinical practice guidelines

Clinical suspicion of OSA

No

1

Does the patient have signs and symptoms that indicate a high risk of moderate to severe OSA? 2
(See Recommendation 4.2)

Yes

Does the patient have: severe cardiopulmonary disease, respiratory neuromuscular w eakness,
chronic opiate medication use, symptoms of other significant sleep disorder(s), or environmental or
personal factors that preclude the adequate acquisition and interpretation of data from HSAT?
(See Recommendation 4.2)

Yes

No

Perform in-lab PSG by an accredited
sleep center under the supervision of a
board-certified sleep physician.
Follow a split-night protocol, if feasible.5

Perform HSAT, administered by
an accredited sleep center under
the supervision of a boardcertified sleep physician3, 4

(See Recommendations 4.2, 4.3, and 4.4)

(See Recommendation 4.2)

Yes

Positive diagnosis and
adequate results? 6

No
Evaluate for other sleep disorders OR perform attended in-lab PSG
for patients for w hich OSA has not yet been ruled out.
Follow a split-night protocol, if feasible.5
(See Recommendations 4.2 and 4.5)

INITIATE

TREATMENT OF

OSA

7

Yes

Positive diagnosis and
adequate results? 6

No

Reevaluate for
other sleep
disorders OR
repeat in-lab PSG8

Follow-up after Treatment initiation
1. Clinical suspicion based on a comprehensive sleep evaluation
2. High risk of moderate to severe OSA is indicated by the presence of daytime sleepiness and two or more of the following: diagnosed hypertension, habitual
loud snoring, and witnessed apnea, gasping or choking.
3. This recommendation is based on conducting: one or more consecutive nights of HSAT recording.
4. This recommendation is based on HSAT devices that incorporate a minimum of the following sensors: nasal pressure, chest and abdominal respiratory
inductance plethysmography (RIP) and oximetry; or peripheral arterial tonometry (PAT) with oximetry and actigraphy. For additional information, refer to the
AASM Manual for the Scoring of Sleep and Associated Events.
5. This recommendation is based on a split-night protocol conducted only when the following criteria are met: 1) A moderate to severe degree of OSA is
observed during a minimum of 2 hours of diagnostic PSG; AND 2) At least 3 hours are available to complete CPAP titration. If these criteria are not met, a
full-night diagnostic protocol should be followed.
6. Technically adequate results include a minimum of 4 hours of oximetry and flow data, obtained during a recording attempt that encompasses the habitual
sleep period. For additional information, refer to the AASM Manual for the Scoring of Sleep and Associated Events.
7. Treatment of OSA should be initiated based on technically adequate in-lab PSG or HSAT results which lead to PAP therapy initiation that includes titration
using APAP or attended PSG, early follow up after initiation of therapy, and PSG titration studies for failed APAP therapy.
8. Repeat in-lab PSG when the results of the repeated PSG are not technically adequate.
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4.1 Clinical tools/questionnaires for the diagnosis of OSA in adults
4.1a We recommend that clinical tools/questionnaires not be used to diagnose OSA in
the absence of objective sleep testing. (STRONG AGAINST)
4.1b Summary
There were no studies that evaluat ed whether the use of clinical tools/questionnaires or prediction rules
improve a sleep clinician’s ability to decide whether a sleep study is warranted beyond a typical sleep
focused history and physical exam. However, there were several studies that compared the ability of
clinical tools/questionnaires and clinical prediction algorithms to predict high pre-t est probability of
obstructive sleep apnea t o PSG and HSA T. The overall quality of evidence was downgraded to moderate
due to inconsistency and/or imprecision of findings.
In the clinic-based setting, clinical tools/questionnaires and prediction rules have a low level of accuracy
for the diagnosis of OSA at any threshold of AHI consideration.
Clinician prediction algorithms may be used in sleep clinic patients with suspect ed OSA but are not
necessary to establish the need for objective sleep testing. These tools may be more helpful to identify
patients who are at high risk for OSA in non-sleep clinic settings but this is a question t hat was not
addressed by our evidence review.
E valuation with a clinical tool/questionnaire or prediction rule may be less burdensome t o the patient with
possible OSA than HSA T or PSG. However, this must be balanced with the enhanced diagnostic
accuracy of the PSG or HSA T. On the other hand, PSG and HSA T, while involving more resources,
greater cost and potentially more burden to the patient, provide great er value in terms of the more
accurate diagnosis of OSA compared to OSA-targeted questionnaires or clinical prediction rules. Based
on its clinical judgement, the task force determined that the vast majority of patients would not favor the
use of clinical questionnaires or prediction tools alone for the diagnosis of OSA.

4.1c Discussion
The literature search did not identify publications which directly compared the performance of clinical
prediction algorithms relative to history and physical exam to accurately identify patients with a high
pretest probability for OSA. Validation studies as described below were identified involving comparison of
clinical prediction models to sleep study results. The data from thes e validation studies are summarized in
the Supplemental Materials, Tables S2-S38. Because of uncertainty regarding clinical outcomes for
patients misclassified by the prediction rules, the TF was unable to establish a cut -off for number of
misclassified patients that would be acceptable. Nevertheless, all the clinical prediction models evaluated
resulted in upper ranges of predicted false negatives per 1000 patients that exceeded 100, a number that
was felt by the TF to be clearly excessive for stand-alone diagnostic test for OSA. The TF was not able to
establish a value for false negative. The following discussion has been organized to review the data
based upon OSA questionnaire or clinical prediction rule type, as it compares to objective testing.
BERLIN QUESTIONNAIRE:
Twenty two studies compared the ability of the Berlin Questionnaire to predict OSA compared to attended
29-50
PSG.
The Berlin questionnaire involves 11 questions divided into 3 categories to classify the patient
51
as high or low risk for OSA.
The studies were characterized by a wide geographic variation including
33
29, 37
32
31
35
38
36, 39, 40
Brazil, Canada,
Greece, Iran, Korea, Turkey, and the United States
and various
patient populations considered including primary care clinics, Veteran population, sleep clinics and
studies focused on patients with cardiac disease. The patients included in these studies were suspected
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to have OSA and involved mostly men (50% or greater in the majority of studies), were overweight/obese,
and were middle aged. Overall, the Berlin Questionnaire had a large number of false negative results
compared to an attended PSG sleep study, thereby limiting its utility as an instrument to diagnose
patients with OSA. Specifically, when assessing the ability of the B erlin Questionnaire to identify subjects
with an AHI cutoff of ≥5, the estimate for sensitivity ranged from 0.25-0.95, while the specificity ranged
from 0.06-0.86 (S ee Supplemental Materials, Table S2). The res ult was an unacceptably high number of
false negative results (range of 43 to 652; assuming a prevalence of 87%). Lower specificity was
observed with increasing cutoff of A HI cat egory considered. Furthermore, the questionnaire had
suboptimal accuracy, ranging from 50-77%; levels which bec ame progressively more compromised with
consideration of higher OSA severity thresholds (See Supplemental Materials, Tables S3S4).
Five studies evaluating the performance of the Berlin Questionnaire in comparison to HSA T were
52-56
identified .
When considering an AHI cutoff of ≥15, the pooled estimate for sensitivity was 0.74 (95%
CI: 0.64 to 0.82), for specificity was 0.44 (95% CI: 0.32 to 0.58) and for accuracy was 63%, and were
comparable to attended PSG results. However, when considering an AHI cutoff of ≥5, there were higher
numbers of false negative results (range of 357 to 679 per 1000 patients; assuming a prevalence of 87%)
(See Supplement al Materials, Tables S5-S 8). The overall quality of evidence for the use of the B erlin
questionnaire was downgraded to moderate due to either heterogeneity, indirectness, or imprecision in
meta-analyses that included different AHI cut-offs.
EPWORTH SLEEPINESS SCALE:
The Epworth Sleepiness Scale (ESS) is a s elf-reported questionnaire involving 8 questions to assess the
57
propensity for daytime sleepiness or dozing.
Eight studies comparing ESS scores relative to attended
PSG were performed in China and other countries including Brazil, Croatia, Turkey and t he United St ates
33, 38, 40, 48, 49, 58-60
thus reflecting a wide geographic sampling.
Participants were those suspected of OSA
and included mainly male, middle-aged and overweight or obese individuals. The overall results indicate
that the ESS had a large number of false negative results compared to PSG, limiti ng its utility for the
diagnosis of OSA. When considering an AHI of ≥5, the characteristics of the ESS relative to attended
PSG revealed a range of sensitivity of 0. 26-0.94 and specificity of 0.50-0.89. (See Supplemental
Materials, Table S9) The ESS demonstrat ed an accuracy ranging from 47% to 74% for the AHI >5 cutoff. The ESS had a high number of false negative results (range of 52 to 644 per 1000 patients; assuming
a prevalence of 87% ) When considering a higher level cutoff of AHI >15, the number of false negative
results increased and ranged from 269 to 506 per 1000 patients. (See Supplement al Materials, Table
S10) Findings from one study comparing ESS relative to HSAT showed low sensitivity of 0.36 (95% CI:
56
0.19 to 0.57) and high specificity of 0.77 (95% CI: 0.66 to 0.86). (See Supplement al Materials, Table
S12) The overall quality of evidence for the use of the ESS was downgraded to low due to heterogeneity,
indirectness, or imprecision in meta-analyses that included different AHI cut-offs.
STOP-BANG QUESTIONNAIRE
Nine studies involving primarily middle-aged, obese males suspected of OSA compared the STOP-Bang
37, 47, 48, 50, 61-65
questionnaire to attended PSG.
The S TOP-Bang questionnaire is an OSA screening tool
66
consisting of 4 yes/no questions and 4 physical attributes. Overall the findings reveal that the STOPBang questionnaire had high sensitivity, but low specificity for the det ection of OSA; fin dings which
became more pronounc ed with higher levels of OSA category cutoffs considered. The number of false
negative studies res ults compared to the sleep study limits its use as an instrument to diagnose patients
with OSA. Specifically, when considering an A HI >5, the sensitivity in the studies was high (range of 0.850.98), but specificity was lower (range of 0. 19-0.48) with a range of accuracy of 79 to 90% in high-risk
patients. The number of false negatives was lower than what was found in studies using the Berlin and
ESS questionnaires (range of 17 to 131 per 1000 patients; assuming a prevalence of 87%) when
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compared with attended PS G (See Supplemental Materials, Figure S13). The sensitivity further improved
and specificity was further compromised with progressively higher level of AHI cutoffs considered (See
Supplement al Materials, Tables S14,S15). In general, these findings were very similar when examining
54, 67
the data of STOP-Bang relative to HSA T
(See Supplemental Materials, Tables S16-S18) or
54, 66, 67
compared to either test
(See Supplement al Materials, Tables S19-S21). The overall quality of
evidence for the use of the S TOP-B ang questionnaire was downgraded to moderate due to either
indirectness or imprecision in meta-analyses that included different AHI cut-offs.
STOP QUESTIONNAIRE:
STOP questionnaire relative to attended PSG data showed a relatively moderate to high sensitivity, fair
47-49, 60, 65, 68
specificity, and low accuracy
(See Supplemental Materials, Tables S22-S 24). When
considering an AHI >5, the sensitivity ranged from 0.65 to 0.96, the specificity ranged from 0.60-0.80, and
the accuracy for high risk OSA ranged from 64-94%. The number of false negatives was relatively high
(range of 35-304 per 1000 patients; assuming a prevalence of 87%) when compared to attended PSG
(See Supplemental Materials, Table S22). When considering an AHI cutoff of ≥15, the sensitivity ranged
from 0.62-0.98, the specificity ranged from 0.10-0.63, and the accuracy for high risk OSA ranged from 6079%), with the number of false negatives ranging from 13 to 243 per 1000 patients; assuming a
prevalence of 64% ) (See Supplemental Mat erials, Table S23). The quality of evidence for the use of the
STOP questionnaire was downgraded to low due to heterogeneity and imprecision in meta-analyses that
included different AHI cut-offs.
MORPHOMETRIC MODELS:
Morphometric models have been developed to predict OSA based upon sleep study data. For ex ample, in
a group of hypertensive patients, a multivariable apnea prediction score which combined symptoms, body
69
mass index, age and sex was used to assess OSA risk.
In another study involving primarily middleaged males, those with OSA were compared to those without OSA by using a morphometric clinical
prediction formula inc orporating measures of craniofacial anatomy (e.g. palatal height, maxi llary and
70
mandibular intermolar distances). While these studies support relatively high sensitivity (range of 0.880.98) to predict AHI ≥5, the specificity was quite low (range of 0. 11-0.31). (See Supplemental Materials,
Table S 25) Similar findings have been observed considering adjusted neck circumference in both the
hypertensive and chronic kidney disease populations in terms of relatively high sensitivity, but poor
54, 69
specificity with improvement in specificity with higher thresholds of OSA.
(See Supplemental
Materials, Tables S26, S27) The overall quality of evidence for the use of morphomet ric models was
downgraded to low due to heterogeneity and imprecision in meta-analyses that included different AHI
cut-offs.
MULTIVARIABLE APNEA PREDICTION QUESTIONNAIRE:
The Multivariable Apnea Prediction questionnaire has been assessed relative to PSG in thos e with
30, 71-73
69
74
suspected OSA,
a sample of hypertensive patients, and also a sample of older adults
with
lower levels of specificity and high false positive values. (See Supplemental Materials, Tables S28, S29).
The overall quality of evidence for the use of t he multivariable apnea prediction questionnaire was
downgraded to moderate due to imprecision.
CLINICAL PREDICTION MODELS:
59, 75-77
Four studies have evaluated clinical prediction models relative to PS G in terms of OSA diagnosis
74, 78-80
and 4 have evaluated thes e models a gainst HSA T.
Two of the studies evaluated respiratory
parameters (i.e., a study involving a Chinese cohort that evaluated snoring while sitting and another
single study assessing respiratory conductance and oximet ry relative to PSG demonstrated a sensitivity
75, 77
ranging from 0.59-1.00), and a specificity ranging from 0.64-0.84).
Other studies assessing clinical
prediction rules including age, waist circumference, ESS score and minimum oxygen saturation, and
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another evaluating gender, nocturnal choking, snoring and body mass index relative to PSG show
reasonably high sensitivity (range of 0.72-0.94) and specificity (range of 0.75-0.91) considering different
59, 76
AHI thresholds.
Clinical prediction rules evaluated relative to HSA T have been studied in select
74
78
79
populations, i.e. the elderly,
bariatric surgery candidates,
and commercial drivers.
(See
Supplemental Materials, Table S30 -S32)
The overall quality of evidence for the use of clinical prediction models was downgraded to moderate due
to either heterogeneity or imprecision across meta-analyses at different AHI cut-offs.
OTHER OSA PREDICTION TOOLS:
Other OSA prediction tools include the OSA50 (see Supplemental Materials, Tables S33,S34), the clinical
decision support system (see S upplemental Materials, Table S35), the OSAS score (see Supplemental
Materials, Table S36), and the Kushida Index (see Supplemental Materials, Table S37). The OSA50
questionnaire involves four components including age >50, snoring, witnessed apneas and waist
81
82
circumference.
A study involving Turkish bus drivers and a validation study for the OSA50 in the
81
primary care s etting showed a sensitivity ranging from 0.63-0.82 and a specificity of 0. 82 in both
studies. (See Supplement al Materials, Tables S33, S34) A hand-held clinical decision support system
(assessing sleep behavior, breathing during sleep and daytime functioning) relative to PSG studied in
veterans with ischemic heart disease showed a high sensitivity of 0.98 (95% CI: 0.92 to 1.00) and a high
36
specificity of 0.87 (95% CI: 0.66 to 0.97). (See Supplemental Materials, Table S35) The OSAHS score
involves assessment of the Friedman tongue position, tonsil size, and body mass index. In a sample of
individuals suspected to have OSA, the sensitivity of the OSAHS score was 0.86 (95% CI: 0.80 to 0.91)
relative to PSG in terms of ascertaining AHI >5, however; specificity was lower at 0.47 (95% CI: 0.34 to
34
0.56) with a high number of false positives. (See Supplement al Materials, Table S36) The Kushida
Index showed a high sensitivity of 0.98 (95% CI: 0.95 to 0.99) and high s pecificity of 1.00 (95% CI:0.92 to
1.00) to detect AHI ≥5 from PSG in a single study. (See Supplemental Materials, Table S37) The quality
of the evidence was downgraded to moderate due to either heterogeneity or imprecision.
In summary, morphometric models, clinical prediction rules considering a variety of variables including
symptoms, exam findings and subject characteristics have been examined in terms of ability to predict
OSA relative to PSG and HSA T. Some of t hese studies were conducted in focused populations (e. g.
commercial drivers, elderly, bariatric surgery patients, etc.) thus limi ting interpret ation in terms of
generalizability. Overall, while sensitivity appears to be in the higher range, specificity tends to be lower
with a higher number of false positives thereby limiting utility of t hese clinical/morphomet ric rules and
models in the diagnosis of OSA.
OVERALL QUALITY OF EVIDENCE:
The quality of evidence for specific clinical prediction algorithms and models ranged from very low to high
after being downgraded due to imprecision, indirectness, and heterogeneity. However due to the
heterogeneity of the questionnaires and prediction tools described above, and the low likelihood that
future research would result in change of the accuracy of these questionnaires and tools, the task force
felt that the overall quality of evidence for the recommendation against using clinical questionnaires or
predictive tools alone was moderate.
BENEFITS VS HARMS
Given the downstream effects of misclassification in terms of high false negatives for most of these
clinical tools/questionnaires, there is the possibility of not capturing the diagnosis of OSA when indeed the
diagnosis exists. As a result, this would translate into high levels of OSA -related dec rements in quality of
life, morbidity, and mortality due to undiagnosed and unt reated OSA. On the other hand, false positive
results from sleep apnea clinical questionnaires or prediction tools would result in unnecessary testing
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and/or treatment for sleep apnea which is incorrectly identified. Therefore, the TF determined that the
potential harms of using clinical questionnaires of prediction tools alone t o diagnose OSA outweigh the
potential benefits.
PATIENTS’ VALUES AND PREFERENCES
E valuation with a clinical tool/questionnaire or prediction rule may be less burdensome t o the patient with
possible OSA than HSA T or PSG. However, this must be balanced with the enhanced diagnostic
accuracy of the PSG or HSA T. On the other hand, PSG and HSA T, while involving more resources,
greater cost and potentially more burden to the patient, provide great er value in terms of the more
accurate diagnosis of OSA compared to OSA-targeted questionnaires or clinical prediction rules. Based
on its clinical judgement, the TF determined that the vast majority of patients would not favor the use of
clinical questionnaires or prediction tools alone for the diagnosis of OSA.

4.2 HSAT for the diagnosis of OSA in adults
4.2ai We recommend that attended polysomnography or home sleep apnea testing with a
technically adequate device, be used to diagnose OSA in uncomplicated adult
patients presenting with signs and symptoms that indicate a high risk of moderate to
severe OSA. (STRONG FOR)
4.2aii We recommend that if a single technically adequate home sleep apnea test is
negative or inconclusive that an attended in-lab polysomnogram be performed for
the diagnosis of OSA in symptomatic patients. (STRONG FOR)
4.2aiii We recommend that if a single home sleep apnea test is technically inadequate,
that an attended in-lab polysomnogram be performed for the diagnosis of OSA in
symptomatic patients. (WEAK FOR)
Remarks: The following remarks are based on specifications used by studies that support these
recommendation statements:
An uncomplicated patient is defined by the absence of severe cardiopulmonary diseas e,
respiratory neuromuscular weakness, chronic opiat e medication use, concern for other
significant sleep disorder(s), and environmental or personal factors that preclude the
adequate acquisition and interpretation of data from HSAT.
HSA T is administered by an accredited sleep cent er under the supervision of a board
certified sleep medicine physician or clinician with equivalent training.
High risk of moderate to severe OSA is indicated by the presence of daytime sleepiness
and two or more of the following: diagnosed hypertension, habitual loud snoring,
witnessed apnea, and/or gasping or choking at night.
Single HSAT recording is conducted over at least one night.
A technically adequate HSA T device incorporates a minimum of the following sensors:
nasal pressure, chest and abdominal respiratory inductance plethysmography (RIP) and
oximetry; or peripheral arterial tonometry (PA T) with oximetry and actigraphy. For
additional information regarding HSA T sensor requirements, refer to the AASM Manual
21
for the Scoring of Sleep and Associated Events.
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A technically adequate study includes a minimum of 4 hours of technic ally adequate
oximetry and flow HSA T data, obtained during a recording attempt that encompasses the
habitual sleep period.
In patients diagnosed with OSA using HSAT, PAP therapy can be initiated with APAP
(with attended PS G titration used for patients failing APAP therapy) or attended PSG
titration. There should be early follow up after initiation of therapy.
4.2b Summary
In RCTs, PSG in comparison to HSA T has failed to show superior outcomes for the patient population
specified above when HSA T is performed using the specifications listed in the remarks section of the
recommendation. Therefore in this context, either PSG or HSA T are recommended for diagnosis of OSA.
A clinician’s choice of study type for a particular patient should be guided by clinical judgement and
incorporate consideration of patient preferences. The overall quality of evidence was downgraded to
moderate due to imprecision, inconsistency, or indirectness.
Diagnosis of OSA via HSAT has been demonstrated to result in positive effects on clinical outcomes and
efficient care when specific types of HSA T devices are used in an appropriate patient population and
management pathway and performed with adequate clinical/technical expertise. Use of HSAT in other
contexts may not provide similar benefit. On the other hand, there may be unstudied or understudied
contexts in which HSAT has not been evaluated that may provide benefit to a specific patient.
HSA T is less sensitive than PSG in establishing a diagnosis of OSA. A false negative result in a
symptomatic patient could result in harm to the patient because the patient would be denied a beneficial
therapy. Therefore, after a single negative HSA T result, the performance of PS G is recommended.
Performing a repeat HSA T is not recommended in this situation becaus e of the increas ed risk of the
patient not completing the diagnostic process prior to a definitive diagnosis. The TF had a high level of
concern that with repeated HSA T use in this situation, patient drop out would compromise patient
outcomes. The TF had similar concerns regarding performing a second HSA T when the initial HSA T is
technically inadequate but recognized there may be specific situations where this may be appropriate.
The majority of RCTs most generalizable to clinical practice that compared HSA T to PSG required PSG
83-85
to be performed when HSA T did not confirm a diagnosis of OSA.
There is significant concern that
clinical outcomes relative to use of PSG may not be acceptable if PSG is not performed in patients that
have a negative HSA T result in symptomatic patients. In addition, because of an increased likelihood that
repeat HSA T testing will als o lead to a negative result and concern for risk of patient drop out from the
diagnostic process with repeat ed testing, PSG rather than repeat HSAT is recommended when the initial
HSA T result is negative. There are similar concerns that following a technically inadequate HSA T study
that repeat testing may be associated with higher rate of technical failure on the second study and of
increased risk of drop out from the diagnostic process. But the TF als o recognizes that there may be
specific cases in which repeat HSA T study is appropriat e after an initial failed HSA T. Thes e would include
cases in which both of the following are present; the clinician judges that there is a high likelihood of
successful recording on a second attempt and the patient expresses a preference for this approach.
Patients value accurate diagnosis and good clinical outcomes and would want to use HSA T in a context
that it would provide these benefits.
4.2c Discussion
The formulation of this recommendation statement was guided by evidence from 28 HSA T validation
30, 52, 65, 66, 81, 86-108
studies that measured diagnostic accuracy relative to PSG,
as well as 7 RCTs that
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83-85, 109-112

compared clinical outcomes from management pathways.
Four of these RCTs that did not
require oximetry testing as a c riterion for inclusion and used conventional methods for determination of
83-85, 112
PAP pressures, i.e. APAP or attended titration, were felt to be most rele vant to clinic al practice.
This subset of studies will be referred to as “RCTs most generalizable to clinical practice” for the
remainder of this discussion section.
ACCURACY:
The data from validation studies are summarized in t he Supplemental Materials, Tables S38-S58. Briefly,
when Ty pe 2 HSA T monitors are compared to attended PSG using an AHI ≥5 cut -off, accuracy in the
high-risk population (prevalence 87%) ranged from 84-91% based on t wo studies (See Supplemental
65, 86
Materials, Table S38).
Using a cut-off of A HI ≥15, the accuracy of t he monitors in the high -risk
65, 86
population was 88% based on the same studies (See Supplement al Materials, Table S39).
When
Type 3 HSA T monitors are compared to attended PSG using an A HI ≥5 cut-off, accuracy in a high- risk
population (prevalence 87%) ranged from 84-91% and lower risk (prevalence 55% ) ranged from 70-78%
87-90, 92, 93, 113
based on eight studies (see Supplemental Mat erials, Table S40).
Using a cut-off of A HI ≥15,
the accuracy of the monitors in the high risk population ranged from 65-91% based on six studies (See
87, 89-92, 94
Supplement al Materials, Table S41).
Using a cut-off of AHI ≥30, the accuracy of the monitors in
the high risk population ranged from 62 -96% bas ed on eight studies (See Supplemental Materials, Table
87-92, 94, 95
S42).
Peripheral arterial tonometry (PAT) with oximetry and actigraphy when evaluated simultaneously with
simultaneous in-home PSG had a sensitivity of 0.88, specificity of 0.87 and accuracy 88% using AHI ≥5
cut-off and would result in an estimated average of 121 misdiagnosed patients out of 1000 tested in a
high-risk group and 125 misdiagnosed patients out of 1000 tested in a low-risk group (See Supplemental
105
Materials, Table S 55).
Specificity was appreciably lower (0.43 -0.47) in 2 studies that compared this
107, 108
PAT device to in lab PS G using A HI ≥5 cut-off
but found to be better (0.77-1.0) in studies that
106-108
evaluated the PAT device at higher AHI cut-offs (See Supplemental Materials, Tables S56-S58).
96-98

96-100

97, 98

For 2-3 channel monitors using cut -offs of AHI ≥5,
AHI ≥15,
and AHI ≥30,
accuracy ranged
from 81-93%, 72-87%, and 71-90%, in a high-risk population, respectively, and ranged from 77-88%, 6895%, and 88-91% in a low-risk population, respectively (see Supplemental Mat erials, Tables S43-S 45).
When 2-3 channel HSA T was compared with in-home PSG, the accuracy was 86% (range of 76-93% ) in
52
the high-risk group using a cut -off of AHI ≥15, and ranged from 83-91% using a cut-off of A HI ≥30 (See
52, 81
Supplemental Materials, Tables S46, S47).
A single study that evaluated oximetry relative to in-home PSG using a cut-off of AHI ≥5 in the high-risk
group demonstrated an accuracy of 73% (range of 68-78% ) and in the low-risk group of 79% (range of
66
74-84%). Using oximetry to diagnose OSA at an AHI ≥5 cut-off would result in an estimated average of
274 misdiagnosed patients out of 1000 tested in a high -risk group and 210 misdiagnosed patients out of
114
1000 tested in a low-risk group.
This same study using a cut-off of AHI ≥15 and AHI ≥30, demonstrated
an accuracy of 86% (range of 83-91%) and 74% (range of 71-76% ) for the high-risk group and an
accuracy of 80% (range of 75-84% ) and 63% (range of 59-67%) for the low-risk group, respectively (See
114
Supplement al Materials, Tables S52 -S54). . Data from studies that evaluat ed other forms of single
channel HSAT are summarized in the supplemental materials (Tables S48-S51)
The potential consequences for patients classified in true and false positive/negative categories were
enumerated and are summarized in the Supplemental Materials, Table S1. For false positive results
consequences included unnecessary treatment and utilizat ion of resources, unnecessary use of patient
time and money for treatment and follow up, psychological distress, delay in diagnosis of true condition,
and exposure to side effects of therapy, For false negative results consequences included denial of
necessary treatment, reduced quality of life, psychological distress, need for retesting in patients with high
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risk of OSA, risk of consequences of unt reat ed OSA including death and increased costs due to medical
conditions caused by unt reated OSA. The TF concluded that the numbers of patients diagnostically
misclassified by HSAT compared to PSG was high enough to be of clinical concern. In a population that
has a high prevalence of moderate to severe OSA, bot h the increased likelihood of false negatives and
the significant impact of missed diagnoses on patient outcomes would cause significant harm. This
reasoning supports the use of a sleep test with higher sensitivity (i.e., attended PSG) in this population if
HSAT provides a negative or non-diagnostic result.
The TF also concluded that the assessment of the impact of suboptimal diagnostic accuracy noted on
validation studies on clinical outcomes is very complicated to assess for a number of reasons including:
night to night variability that contributes to discordance among tests, the use of a different AHI cut-offs
reflecting inconsistent definitions for HSA T and PSG scoring, and the uncertainty regarding clinical
outcomes for patients misclassified by HSAT.
For thes e reasons, studies that compared clinical outcomes in patients randomized t o management
pathways using eit her attended PSG or HSAT for diagnosis provided greater clarity regarding
acceptability of clinical outcomes using HSAT.
SUBJECTIVE SLEEPINESS:
A meta-analysis of seven RCTs that represent ed high quality evidence compared ESS change in patients
diagnosed by HSAT vs attended PSG, and then followed by PAP titration /initiation (see Supplemental
83-85, 109-112
Materials, Figure S59, and Table S67).
The meta-analysis showed a 0.38 unit (95% CI: -1.07 to
0.32) greater improvement in patients randomized t o the HSA T pathway that was not statistically
significant and below the level of difference (2) that was felt by the TF to be clinically significant . The
quality of evidence for subjective sleepiness was high.
QUALITY OF LIFE:
The quality of evidence available for six RCTs utilizing various validated quality of life specific instruments
(i.e., FOSQ, SAQLI, and SF -36) ranged from moderate to high and the pooled effects were not
statistically or clinically different bet ween pathways (see S upplemental Mat erials, Figures S60 – S64, and
83, 84, 109-112
Table S67).
The TF determined that the quality of evidence for QOL was high.
CPAP ADHERENCE:
Six RCTs repres enting high quality of evidence evaluated CPAP adherence (mean hours of use per
night) and found no statistical differenc e between the two pathways (see Supplemental Materials, Figure
83-85, 110-112
S65, and Table S67).
Five RCTs representing high quality evidence found a statistically nonsignificant trend towards increased CPAP adherenc e in the HSA T arm vers us the PSG arm as
determined by number of nights with greater than 4 hours use that the TF did not deem to be clinically
85, 109, 83, 84, 112
significant (see Supplemental Materials, Figure S66, and Table S67).
OVERALL QUALITY OF EVIDENCE:
The TF det ermined the critical outcomes assessed in the studies to be false negative results, subjective
sleepiness, adherence, cardiovascular events, and QOL as assessed by the FOS Q and SAQLI. The
overall quality of evidence is moderate. The evidence was downgraded due to imprecision.
The majority of the studies identified by the literature search were validation studies that provided dat a on
diagnostic accuracy but do not directly assess the impact of misdiagnosis on patient outcomes. Seven
83-85, 109-112
RCTs were identified that evaluated patient outcomes.
Four of these RCTs that did not require
oximetry testing as a criterion for inclusion and used conventional methods for determination of PAP
83-85, 112
pressures, i.e. APAP or attended titration, were felt to be most relevant to clinic al practice.
The
quality of evidence that failed to demonstrate a difference in outcomes with regards to sleepiness, quality
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of life, and CPAP adherence was high. The quality of evidence regarding cost effectiveness was low as
only one of these studies addressed this outcome.
RESOURCE USE:
Though a single night of HSAT is less resource intensive than a single night of laboratory based full PSG,
the relative cost-effectiveness of management pathways that incorporate each of these diagnostic
strategies is less clear. Economic analyses have been published that compare the cost effectiveness of
115-117
management pathways that incorporate diagnostic strategies including HSAT and lab PSG.
All have
concluded that PSG is the preferred diagnostic strategy from an economic perspective for adults
suspected to have moderate to severe OSA. An important factor in these analyses is the favorable cost
effectiveness of OSA treatment in patients with moderate to severe OSA, particularly when longer time
horizons are considered. As a result, diagnostic strategies that lead to increased false negatives and
leave patients untreated or increase false positives and unnecessarily treat patients have less favorable
cost effectiveness. It is important to note that these economic analyses are susceptible to error because
of imprecision of modelling of management pathways and limitations in the quality of data available to
estimate parameters. The impact of errors can be magnified over when extrapolated over long time
horizons.
Relative cost-effectiveness of management pathways that use HSAT vs PSG for diagnosis can also be
assessed in the context of a RCT if resource utilization is measured. Among the four RCTs most
83-85, 112
84
generalizable to clinical practice
only one provided this information.
Rosen et al, 2012 reported
that in–trial costs estimated based on Medicare Fee Schedule for the various study procedures including
office visits and diagnostic testing, taking into account the need to repeat studies, were 25% less in the
84
home arm than the lab arm. A subsequent cost minimization analysis of this RCT also considered costs
118
from a provider perspective.
While provider costs (capital, labor, overhead) were generally less for the
home program, this was not true for all modelled scenarios. The provider perspective highlighted the
large number of cost components necessary to ensure high quality home-based OSA management,
which narrowed the cost difference relative to lab management.
The available studies indicate that potential cost advantages of HSA T over PSG are not as high as
reflected by the cost difference of a single night of testing. When HSA T is used appropriately there is a
need for additional HSA T and PSG testing for patients with failed and non -diagnostic studies in order to
achieve an accurate diagnosis. In addition, if a home management pathway is used in a manner that
results in reduced effectiveness relative to PSG, use of HSA T could in fact be less cost effective than
using PSG. The TF believes that if HSA T is used in the recommended context and management pat hway
it will be more cost-effective than if it is used outside this framework.
BENEFITS VS HARMS:
Use of HSA T may provide potential benefits to patients with suspected OSA including convenience,
comfort, increased access to testing, and decreased cost. HSAT can be performed in the home
environment with less attached sensors during sleep. The availability of HSA T for diagnosis may improve
access to diagnostic testing in resource limited settings or when the patient is unable to leave the home
environment or healthcare setting for t esting. In addition, HSA T may be less costly when used
appropriately. These potential benefits must be weighed against the potential for harm resulting from
need for additional diagnostic testing for patients with non-diagnostic HSAT findings as well as
misdiagnosis and the subsequent inappropriate therapy or lack of therapy. As summarized above, the
use of HSA T has not been demonstrat ed to provide inferior benefit to attended PSG in several RCTs. The
TF judged that if HSA T was used in a similar context with regards to patient population and management
pathway; clinical/technical expertise and HS T device type, the risk of harm is minimized and the
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probability of potential economic benefits increased. For this reason the appropriate context in which
HSA T is recommended was carefully specified in the recommendation. In addition, a second
recommendation is made regarding HSA T use that requires PSG for symptomatic patients if the initial
HSA T result is negative to avoid misdiagn osis. In particular, requiring a repeat HSA T is not recommended
in this situation becaus e of an increased risk of the patient not completing the diagnostic process . A
similar but weaker rec ommendation is made regarding technically inadequate initial HSA T for
symptomatic patients: a repeat HSA T is not recommended in this situation because of the increased risk
of the patient not completing the diagnostic process; though the TF recognizes that in specific cases the
clinician may elect to perform a second HSA T if there is a high likelihood of successful recording on a
second attempt and the patient expresses a preference for this approach.
The TF rec ognizes that HSA T may have value to patients in s ome other contexts than covered by this
recommendation but has limited its recommendation to apply to situations where there is sufficient
evidence to guide evaluation of benefits versus harms.
PATIENTS’ VALUES AND PREFERENCES :
Individual patients will differ on whether they prefer PSG vs HSA T depending on t heir c ircumstances and
values. One of the four RCTs, most generalizable to clinical practice performed both types in each subject
85
and found 76% preferred HSA T.
This means that a significant perc entage (24% ) still preferred PS G.
There is insufficient data about diagnostic testing preferenc es in clinical practice where preferences may
differ from what is seen in the RCT setting. The availability of different options for diagnosis may increase
satisfaction if patient preferences are considered as a part of the decision process in choosing the
diagnostic test type. If HSA T was used, the TF felt that patients would value accurate diagnosis and good
clinical outcomes and would want to use HSAT in a context that would provide these benefits. The TF
determined that patients would prefer not having a repeat HSA T test if an initial HSA T result is negative
as repeated HSA T would be less likely to produce a definitive result and would unnec essarily
inconvenience the patient. In this situation, proceeding directly to PSG which has greater sensitivity to
detect OSA would be preferred. The TF also felt that patients would prefer not to have a repeat HSA T test
if the initial HSA T was technically inadequate to avoid inconvenience but that in specific cases in which
there was high likelihood of an adequate result with repeat testing some patients may desire this option.
SPECIAL CONSIDERATIONS:
CLINICAL POPULATION:
A review of RCTs indicated that the following criteria to establish the presence of high risk of moderate to
severe OSA for suitability of HSA T use was reasonable: the presence of two or more of the following
symptoms: habitual loud snoring, witnessed apnea/gasping/choking, or diagnosed hypertension; and
daytime sleepiness. Seven RCTs comparing HSA T to PS G that evaluated PAP adherence and/or patient
reported outcomes included medically uncomplicated adult clinical populations at higher risk of moderate
83-85, 109-112
to severe OSA.
Among these were four studies that the TF judged to be the most relevant to
83-85, 112
clinical practice.
Relevant details regarding the clinical populations included in these four studies
84, 85
112
are provided: Two of four studies
required ESS >12 as an ent ry criterion; one required at least two
out of three c riteria (sleepiness (ESS >10), witnessed apnea, snoring) for participation; and one which
was performed in a V eteran’s Administration population that di d not specify any specific ent ry criteria
besides suspected OSA (though the average ESS for participants was elevated at >12 and 95% were
85
85
men). In the latter study, 9.9% of individuals in the PSG arm were found to have AHI <5. In addition to
sleepiness, studies in this subset had specific inclusion criteria such as snoring, witnessed apnea,
gasping/choking at night, and/or hypertension that were considered as part of the entry criteria in at least
83, 85
84
2 studies.
One study incorporated neck circumference in the determination of high risk of OSA.
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EXCLUDED PATIENT POPULATIONS:
Based on information from 3 of the RCTs most generalizable to clinical practice which also specified
exclusion criteria, the TF determined that HSA T should be used in an uncomplicated clinical population
as defined by the absence of severe cardiopulmonary disease (e.g. heart failure, chronic obstructive
pulmonary disease (COPD)), respiratory neuromuscular weakness, chronic opiate medication use,
concern for other significant sleep disorder (e.g. paras omnia, narc olepsy, severe insomnia), and
environmental/personal factors that preclude the adequat e acquisition and interpretation of data from
84, 85, 112
HSAT.
All three of these studies excluded patients with significant cardiopulmonary dis ease and other significant
84, 85, 112
sleep disorders.
Two studies excluded patients taking opioids, having uncontrolled psychiatric
disorder, neuromuscular disease, and patients with significant safet y related issues relat ed to driving or
work. Other notable exclusion criteria specified by at least one of the studies included lack of an
appropriate living situation, pregnancy and alcohol abuse. The single study that did not mention exclusion
criteria noted that 3/148 individuals in the HSA T arm were diagnos ed with cent ral sleep apnea and 4/148
83
individuals required supplemental oxygen or bilevel PAP and left the study.
In t he lab arm of the study
6/148 individuals were diagnosed with central sleep apnea and 12/148 required supplemental oxygen or
bilevel PAP. Studies outside the subset summarized here generally had similar inclusion/exclusion
criteria.
FOLLOW-UP:
83-85, 112
Based on information from the four RCTs most generalizable to clinical practice,
the TF
determined that HSAT should be used in the context of an OSA management pathway which
incorporates a PAP therapy initiation protocol that includes APAP or attended PSG titration, early follow
up after initiation of therapy, and PSG titration studies for patients failing APAP therapy. All four RCTs
incorporated early follow up of APAP titration (within 2-7 days subsequent to HSA T) by skilled technical
83-85, 112
83-85
staff.
Three of the studies
required use of PSG if HSA T did not provide adequate data or
showed a low AHI after 1 or 2 unsuccessful attempts; and after 1 or 2 failed APAP trials (e.g. insufficient
use, elevated residual AHI, persistent large leak). There was evidence of significant subject dropout from
84
the management pathway in 2 of the studies: Rosen et al. 2012 reported that 17% of subjects
83
randomized to the home arm and K una et al., 2011 reported that 25.5% of subjects with inconclusive
home studies failed to complete the diagnostic prot ocol. The TF was concerned that in clinical practice
there would be higher levels of drop out compared to the RCT setting from diagnostic testing among
patients with initial study attempt that did not result in a diagnosis of OSA. In particular, there was concern
that patients with false negative HSA T results may not complete PSG testing after they had been
informed of a negative result. For this reason, the TF recommends that if the initial HSA T shows a
negative result, PSG rather than repeat HSA T be performed. There are similar concerns that following a
technically inadequate HSA T study that repeat testing may be associated with higher rate of technical
failure on the second study and with increased risk of drop out from the diagnostic process. But the TF
also recognizes that there may be specific cases in which repeat HSA T study is appropriate after an initial
failed HSA T. These would include cases in which both of the following are present; the clinician judges
that there is a high likelihood of successful recording on a sec ond attempt and the patient ex presses a
preference for this approach.
This TF’s conc ern in the situation of an initial inadequat e recording (t echnical failure) was less because
the reason for this was more readily explained to the patient . The TF felt that in some situations a second
HSA T study in a patient with initial inadequate rec ording may be reasonable depending on the likelihood
of success with a second attempt as judged by the clinician and patient preference.
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CLINICAL EXPERTISE:
Based on information from the four studies most generalizable to clinical practice, the TF determined that
HSA T should be administered by an accredited sleep center under the supervision of a board certified
sleep medicine physician or clinician with equivalent training. All four RCTs were performed at academic
83-85, 112
or tertiary sleep centers with highly skilled Sleep Medicine providers and technical staff.
HSAT
recordings were reviewed by a sleep medicine specialist. One RCT that was not included in this subset
(because an overnight oximetry was used as ent ry criteria) used a simplified nurse -led model of care
involving nurs e specialists experienced in management of sleep disorders (mean of 8.3 years of
experience with CPAP therapy).
HOME SLEEP APNEA TESTING DEVICE:
83-85, 112
Based on information from the four RCTs most generalizable to clinical practice,
the TF
determined that testing should be performed using a technically adequate HSAT device. Among the four
RCTs, three used conventional Type 3 monitors (nasal pressure, thoracic and abdominal excursion using
83, 84, 112
RIP technology, oxygen saturation, EKG, body position, and oral thermistor in some cases)
and
85
one used a 4 channel device based on peripheral arterial tone with 3 additional channels (heart rat e,
pulse oximetry, and actigraphy ). Additional guidanc e on technical specifications regarding HSA T testing is
provided in The AASM Manual for the Scoring of Sleep and Associated Events.
ADEQUACY OF RECORDING:
The TF determined that a protocol that requires a minimum of 4 hours of good quality data from HSA T
recording performed during the habitual sleep period is adequate to diagnose OSA. In the four RCTs
most generalizable to clinical practice, the minimum requirement for an acceptable study was 4 hours of
83-85, 112
85
adequate flow and oximet ry signals.
While one HSA T study used PA T as a surrogate of flow,
83, 112
two studies recorded nasal pressure flow
and one study recorded thermistor in addition to nasal
84
83, 84, 112
pressure flow ; the latter three studies also recorded thoracic and abdominal movements.
All of
these studies showed at least equivalence of outcomes in the home vs in-laboratory management
83, 84, 112
pathways in terms of adherence to PAP therapy and functional improvement.
A number of non-RCT validation studies also reported minimum requirements for duration of accept able
30, 52, 81, 86, 88, 93, 97, 119
signal quality.
The required signals and minimum durations included nasal pressure
88, 93, 119
52, 81, 86, 97
flow and oximetry for at least 3 hours
or 4 hours
and single-channel nasal airflow
30
53
recording for a minimum of 3 hours or only 2 hrs.
The diagnostic accuracy of the cardiorespiratory
devic es compared with in-lab PSG for the detection of OSA at different A HI c utoff points was relatively
high. One study reported a sensitivity and specificity of 88% and 84%, respectively for HSA T AHI cut 52
point of ≥9/h.
In a separate study, the sensitivity and specificity for home vs in-lab PSG were 90.5%
86
and 88.9% for AHI cut-point of >10, but 88% and 55%, respectively for AHI cut-point of >5/hr. Similarly,
at AHI c ut-off of >10, HSA T had a sensitivity of 87%, a specificity of 86% and a positive lik elihood ratio of
88
6.25.
The overall body of evidence investigating the minimum number of hours of adequate data on HSA T
required to accurately diagnose OSA is very limited. Therefore, based on available indirect evidence, the
TF weighed the ‘risk’ of undergoing less than the required duration of good quality HSAT with resultant
false negative (or false positive) results against the ‘benefit’ of potentially increasing the accuracy of study
results by repeating the HSAT in order to attain the minimum required duration of recording. However,
repeating a less-than-4-hour study in the scenario of a ‘positive’ diagnosis of OSA is less likely to alter
clinical decision-making and may, in fact, result in unnecessary delays in care with increased cost.
Conversely, a ‘negative’ HSAT in the scenario of a high pre-test probability of OSA will likely need to be
repeated even when the test is of adequate quality and duration. Given that there are no data t o suggest
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that a criteria that allows fewer than 4 hours of technically adequate recording compromises the accuracy
of test results, and in the absence of direct evidenc e on the impact of a minimum number of hours of
adequate HSAT on efficiency of care and clinical outcomes, the TF arrived at the above stated
recommendation with t he caveat that a shorter study duration of HSA T that allows a diagnosis of OSA
may be clinically acceptable rather than repeating the study. The TF believes that the goals of
establishing an accurate diagnosis while minimizing patient inconvenience and cost distinctly align with
patient preferences.
The adequacy of a single night HSA T test performed for the diagnosis of OSA in the context of
appropriate clinical population and management pathway is supported by publis hed evidenc e . Our
literature search only identified 2 studies relevant to the question of whether multiple night recording is
30, 72
superior to a single night.
These studies compared multiple nights (3) of single channel HSA T (nasal
pressure transducer or oximetry) to the first night of rec ording. Utilizing PSG as the reference, the stud ies
found that recording over 3 consecutive nights may decrease the probability of insufficient data and
marginally improve accuracy when compared to a single night of recording. The TF considered the
evidence inadequate to establish the superiority of a 3 nights over a single night protocol as the studies
only included a single channel recordings and did not compare clinically meaningful outcomes and/or
efficiency of care (e.g., time to treatment, costs) between management pathways that used single versus
multiple night protocol for HSAT.
A single HSA T recording encompassing multiple nights may have potential advantages or drawbacks
relative to a study that includes only a single night of recording. For example, if multiple-night HSA T
improved accuracy or resulted in fewer inconclusive or inadequate studies, there may be benefits in
patient outcomes or costs. On the other hand, the potential of multiple -night rec ordings to increase cost
and patient inconvenience must be considered. There is a lack of sufficient evidence to routinely
recommend more than one night’s duration for HSAT.

4.3 HSAT for the diagnosis of OSA in adults with comorbid conditions
4.3a We recommend that polysomnography, rather than home sleep apnea testing, be
used for the diagnosis of OSA in patients with severe cardiorespiratory disease,
neuromuscular disease with respiratory muscle impairment, awake hypoventilation
or high risk of sleep related hypoventilation, chronic opioid medication use, or
severe insomnia. (STRONG FOR)
4.3b Summary
Based on the limited data available regarding validity of HSA T in patients with severe cardiorespiratory
disease, neuromuscular disease with respiratory muscle impairment, high risk of hypoventilation, opioid
medication use, or severe insomnia, both in terms of accuracy of detection of OSA and other forms of
sleep disordered breathing that can occur in these populations (c entral sleep apnea and hypoventilation),
the TF recommends that HSA T should not routinely be used for evaluation of sleep disordered breat hing
in these patient populations. The overall quality of evidence was very low based on imprecision, and a
limited number of modest sized studies with fair study design.
PSG is the gold standard method for diagnosis of OSA and other forms of sleep disordered breathing.
HSA T has not been adequately validated or demonstrated to provide favorable clinical outcomes and

25

efficient care when incorporated into specific management pathways in these patient populations and
may result in harm through inaccurate assessment of sleep disordered breathing.
Patients value accurate OSA diagnosis and favorable clinical outcomes and therefore would want to be
evaluated in a context that would provide these benefits.
4.3c Discussion
No RCTs were identified involving patients with significant co-morbidities as outlined above that
compared clinical outcomes from HSA T to PSG. Three studies regarding validity of HSA T for the
diagnosis of OSA in patient populations with significant cardiorespiratory morbidity met our inclusion
120-122
criteria.
PATIENTS WITH COMORBID HEART FAILURE:
113, 120, 122
Three studies included patients with heart failure.
A study of 50 patients with stable heart failure
120
(Class 2-4; left ventricular ejection fraction < 40%) compared home oximetry to lab PSG.
Home
oximetry was considered positive if t he 2% ODI >10, and the lab PSG was considered positive if A HI >15
using a hypopnea criteria that did not require oxygen desaturation or arousal. Home oximetry dat a was
not obtained in 3 patients and studies had to be repeated in 2 patients. This study found a sensitivity of
120
0.85 and specificity of 0.93 in identifying sleep disordered breat hing.
The specificity was poor for
identifying cent ral sleep apnea based on desaturation/resaturation pattern (specificity 0.17; sensitivity 1.0)
with 10 of 12 patients with OSA identified as having CSA. A study of 50 patient s wit h heart failure (Class
3; LVEF ≤35%) comparing an HSA T monitor that included ECG (2 leads), oximet ry, and respiratory
impedance sensors to lab PSG, was able to obtain valid data in 44 patients in the home setting.
Sensitivity, specificity and accuracy at AHI >5 and AHI >15 cut-offs were 0.92, 0.52, 0.73 and 0.67, 0.78,
122
0.75 respectively.
Data regarding methods used to distinguish cent ral from obstructive events were not
provided. A study of 100 patients with stable heart failure (mean LVEF (S D) 34.6% +/- 11) compared
simultaneous 2-channel HSA T (nasal pressure flow and oximetry) and home PSG. Ten patients did not
113
have adequate HSA T recordings.
In the 90 patients with valid HSA T recordings, the sensitivity and
specificity was 0.98 and 0.60 respectively using an AHI ≥5 cut off (hypopneas required 4 % oxygen
desaturation for both HSA T and PSG) and 0.93 and0.92% using an AHI ≥15 cut-off. 29% of patients had
central sleep apnea, 19% had OSA and 13% had both based on PSG. The type of sleep apnea could not
be det ermined using the HSA T device. The meta-analysis (see Supplement al Materials, Table S68) found
that in a population of 1000 patients at high risk of OSA (64% prevalence) 45-230 more false negative
113, 120, 122
and 18-79 more false positives would result from the use of HSA T.
The quality of evidence for
accuracy outcomes was downgraded to very low due to imprecision and indirectness.
PATIENTS WITH COMORBID COPD:
Only one study addressed the validity of HSA T (nasal pressure, respirat ory excursion (piezoelectric
121
sensor), body position and puls e oximetry) in patients wit h COPD.
Of 72 patients with stable COPD
(GOLD stage II and III) and symptoms of OSA, only 26 patients (36% ) had HSA T studies of reasonable
121
quality.
When comparing PSG to HSAT, the intraclass correlation coefficient was 0.47 (accuracy not
121
provided).
Data regarding detection of hypoventilation was not provided. E vidence was downgraded to
very low based on imprecisions (only one study with limited s ample size) and risk of bias (significant data
loss).
PATIENTS WITH OTHER COMORBIDITIES:
No studies were identified that met our inclusion crit eria that specific ally evaluat ed the use of HSA T for
diagnosis of OSA in patients with history of stroke, opioid use, neuromuscular disease with respiratory
muscle impairment, high risk of hypoventilation, or insomnia.
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OVERALL QUALITY OF EVIDENCE:
There was no evidence regarding suitability of HSA T for diagnosis of OSA in neuromuscular diseas e with
respiratory muscle weakness, hypoventilation, chronic opioid disease and severe insomnia. The evidence
regarding suitability of HSA T for diagnosis of OSA in patients with comorbid heart failure was very low
113, 120, 122
based on 3 studies with small sample size and inadequat e study design.
The evidence regarding
suitability of HSA T for diagnosis of OSA in patients with COPD was very poor based on the availability of
a single small size study with a majority of subjects with unavailable HSA T data because of recording
failure. The overall quality of evidence regarding patients with comorbid conditions was very low based on
imprecision, and a limited number of small sized studies with inadequate study design.
BENEFITS VS HARMS:
Cert ain patient populations are at increased risk of having forms of SDB other than OSA (central sleep
apnea, hypoventilation, and hypoxemia). These forms of SDB can cause significant morbidity and/or
mortality if left untreated. Therapies used to treat these non-OSA breathing disorders can be different
from what is used to treat OSA and can be costly. HSAT has not been validated to diagnose some of
these types of SDB (CSA, hypoventilation). Use of HSA T in populations at increased risk for non-OSA
breathing disorders increas es the likelihood of not detecting these breathing disorders (false negative) or
falsely identifying these breat hing disorders (false positive) which could lead to inadequate or
unnecessary treatments, increasing costs, morbidity and/or mortality. Though the cost of a PSG study is
higher than a HSA T, the TF assessed t he benefits of inc reased accuracy, use of appropriate t herapy and
improved clinical outcomes to out weigh this factor. There are instanc es where PSG cannot be performed
for practical reasons (hospitalization, inability of patient to leave home setting or participate in PSG), and
in these instances use of HSAT may be reasonable as the alternative is to not address SDB at all.
PATIENTS’ VALUES AND PREFERENCES :
Based on their clinical judgement, the TF judged that patients with high likelihood of non-OSA S DB would
want these breathing disorders to be adequately diagnosed and treated as therapy of these disorders can
result in significant improvement in healt h and well-being. If the optimal diagnostic test (PSG) was not
feasible, then they would desire t o have other diagnostic tests (HSA T) available that may aid their clinical
provider in providing care for sleep disordered breathing.

4.4 Diagnosis of OSA in adults using a split-night vs a full-night PSG
4.4a We suggest that if clinically appropriate, a split-night diagnostic protocol, rather
than a full-night diagnostic protocol for attended polysomnography be used for the
diagnosis of OSA. (WEAK FOR)

Remarks: Clinically appropriate is defined as the absence of conditions identified by the clinician
that are likely to interfere with successful diagnosis and treatment using a split night
protocol
This recommendation is based on a split-night protocol that initiates CPAP titration only
when the following criteria are met:
A moderate to severe degree of OSA is observed during a minimum of 2 hours of
diagnostic PSG; AND At least 3 hours are available for CPAP titration.
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4.4b Summary
In the context of an appropriate protocol, a split-night study has acceptable accuracy to diagnose OSA in
the uncomplicated adult patient and may improve efficiency of care when performed in the context of
adequate clinical and technical expertise. The recommendation is based on evidence from studies that
included typical sleep clinic patients studied for symptoms of OSA. Many studies were ret rospective case
series in which it is possible that patients deemed clinically inappropriate for split night study were not
included. There may be specific patient characteristics that are not well suited to conducting a shorter
diagnostic evaluation or titration period characteristic of the split night study (i.e severe insomnia,
claustrophobia, concern for other forms of sleep disordered breathing or non-breathing related sleep
disorders). The quality of evidence was determined to be low.
The split-night protocol potentially provides enhanced efficiency of care in terms of ability to diagnose
OSA and establish CPAP treatment pressure needs within a single night recording. Potential
disadvant ages include insufficient diagnostic sampling and insufficient time to ascertain appropriate
treatment CPAP pressure.
A split night study may be preferred relative to separate PSG and PAP titration studies due to the
convenience and cost savings of completing a diagnostic and titration study during one versus two
separate sleep studies; however, this needs to be balanced with cons equences of potentially inconclusive
diagnostic or titration portions of the sleep study. If the diagnostic portion is inconclusive, a second sleep
study is needed. If the titration portion is inconclusive, a second titration sleep study or the use of
autotitrating CPAP may be needed. Based on their clinical judgement, the Task Forc e determined that the
majority of well-informed patients would choose the split-night protocol over a full-night protocol.
4.4c Discussion
123-130
Our literature search yielded 8 studies that met inclusion criteria.
Three foc used on OSA diagnostic
accuracy of the initial portion of the standard PSG recording compared to the full night diagnostic
123, 124, 129
recording
and one compared the diagnostic accuracy of the diagnostic portion of a split night
125
study to a separate full night study.
Two studies focused on comparison of CPAP success while on
127, 128
CPAP in those undergoing a split-night study versus a full night sleep rec ording
and one examined
126
CPAP adherence in those undergoing split ni ght studies versus full night studies.
One additional study
that did not meet inclusion criteria for the literature search examined cost-effectiveness of the split night
115
study versus the full night study.
DIAGNOSTIC ACCURACY:
The studies that examined diagnostic accuracy and performance characteristics used the initial truncated
PSG to serve as a repres entative surrogate of the initial diagnostic portion of a s plit-night study, and
compared t he first 2-3 hours of the recording versus the full night of sleep recording. One study by Chou
et al, 2011 assessed the diagnostic validity of a 2 -hour recording and identified an optimal AHI cut-off of
30/hour as providing the highest accuracy (90.9% ). Also, a 2-hour diagnostic period had an AUC =0.97
124
which was similar to that of a 3-hour period.
Of the studies that considered 3 hours, excellent
consistency of the A HI (concordance correlation coefficient adjusted for REM and supine sleep =0.96 and
AUC =0.93), even in those with a milder degree of OSA (AUC for AHI cutoffs of 5, 10 and 15 were 0.95,
0,97 and 0.995 respectively), was observed and demonstrated no statistically significant difference in the
123, 129
AHI derived from the first 3 hours of tot al sleep time vers us the total sleep time.
Finally, another
study by Chuang et al, 2008 showed an AHI Pearson correlation coefficient bet ween a full night study and
the diagnostic portion of the split night study of 0. 63 (p <0.0001) when the s plit-night study recording time
125
was ≥90 minutes.
The quality of evidenc e for diagnostic accuracy was downgraded to low due to
indirectness, imprecision, and inconsistency of findings.
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CPAP OUTCOMES:
One of the studies that examined CPAP success in the split -night versus full night CPAP titration
recordings focused on upper airway resistance syndrome and found no difference of success rate of
127
CPAP titration defined as respiratory effort related arousal (RERA ) index <5 on the final CPAP setting.
Similarly, another study involving comparison of split -night CPAP recordings versus CPAP titration
recordings in patients with OSA, showed no statistically significant difference of the AHI, arousal index
and percentage sleep time less than 90% oxygen saturation performed on consecutive nights in the same
128
individuals.
One study identified a comparable CPAP adherence at 4-6 weeks after starting CPAP in
126
those undergoing a split night study (78.7% ) versus a full-night study with follow-up titration (77.5%).
The quality of evidence for CPAP outcomes was downgraded to low due to the imprecision associated
with a limited number of studies and small sample size.
RESOURCE USE:
The only available cost effectiveness analysis demonstrated that there was no significant difference in
cost or effectiveness when comparing pathways incorporating split night studies versus full night studies.
115
In probabilistic terms, split-night studies (and full -night studies) were most cost effective at higher
115
amounts of t hird-party willingness to pay compared to HSA T.
There was a low level of confidence in
the certainty regarding resource use given the lack of high quality evidence to inform cost effectiveness
analysis.
OVERALL QUALITY OF EVIDENCE:
The available studies were methodologically limited due to a number of issues: use of the initial portion of
123, 129
a full-night PSG recording as a surrogat e for t he baseline portion of a split -night study,
lack of
123
consistent use of standard monitoring (e.g. nasal pressure transducer),
and ambiguity in
generalizability to populations with co-morbidity such as underlying cardiopulmonary diseas e. Given the
small number of studies and limited interpretability due to methodological limitations, the TF considered
the level of evidence to be low. The overall quality of evidence was determined to be low due to the
limited number of studies and sample size leading to imprecision, the indirectness of t he studies, and the
inconsistency of findings. Given the lack of definitive data, the TF elected not to designate a specific A HI
threshold to inform decision to initiate PAP titration during a split night study protocol.
BENEFITS VS HARMS:
Split-night studies have benefits as well as shortcomings which are worthwhile to note. For instance, the
split-night prot ocol has the potential advantage of providing enhanc ed efficiency of care in terms of ability
to diagnose OSA and establish CPAP treatment pressure needs within the same rec ording compared to a
protocol requiring a full-night sleep rec ording followed by a separate CPAP titration study. Potential
disadvant ages of the split-night study include insufficient diagnostic sampling (e.g. , limited REM time and
limited supine time in those with difficulty initiating sleep), and insufficient time to ascertain appropriate
CPAP treatment pressure. Based on their clinical judgement, the TF determined that there is low cert ainty
of evidence that the benefits of a split-night study exceed the harms when compared against a full-night
study.
PATIENTS’ VALUES AND PREFERENCES :
In terms of patient preferences, a split-night study may be preferred due to the convenience and cost and
the benefits of completing a diagnostic and titration study during one versus two separate sleep studies;
however, this needs to be balanced with the possible need to return for a second sleep study if th e
diagnostic or titration portions of the split study are inconclusive. When comparing the split -night study to
the full-night study, limited existing data are consistent and demonstrate a high level of reproducibility of
the standard A HI metric, success of CPAP titration in effectively identifying the optimal CPAP pressure,
and suggestion of similar follow-up CPAP adherence and cost effectiveness. Based on their clinical
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judgement, the Task Force determined that the majority of well-informed patients would choose the splitnight protocol over a full-night protocol based on clinical experience.

4.5 Diagnosis of OSA in adults using a single-night vs. a two-night PSG study
4.5a We suggest that when the initial attended polysomnogram is negative and
there is still clinical suspicion for OSA, a second attended polysomnogram be
considered for the diagnosis of OSA in symptomatic patients. (WEAK FOR)
4.5b Summary
There was limited evidence from which to assess the efficacy of performing a repeat PSG; the
recommendation is based on evidence for performing a single-night PSG versus two-nights of PS G for
the diagnosis of OSA. The quality of evidence for this recommend ation was very low. While the certainty
of evidence regarding night to night variability of AHI from the meta-analysis was considered to be high,
there was limited evidence from which to assess the effic acy of single-night PSG versus two-night PSG in
terms of diagnostic accuracy and clinical outcomes. This lead to a downgrading of the overall quality of
evidence t o very low to reflect the low cert ainty of t he task force that a repeat PSG would improve patient
outcomes.
A meta-analysis of four observational studies compared the A HI scores from 2 consecutive nights of PSG
and found no clinically or statistically significant difference (mean difference in the AHI of 0.14; 95% CI 29, 131-133
1.86 to 2.15).
(See Supplemental Materials, Table S69) However, 8-25% of patients were
diagnosed with clinically significant OSA only on the second study, which c ould have therapeutic
implications.
Proceeding with a second PSG in patients with a negative initial PSG in order to establish a diagnosis of
OSA must be balanced against the possibility of a false positive diagnosis, inconvenience to the patient
and added cost of a second study. Given the night to night variability in the AHI, a high AHI on a second
study could conceivably represent a false positive diagnosis in a patient without OSA. The added financial
burden and inconvenienc e of a second night of testing in a sleep lab must also be considered, though
cost-analysis and patient satisfaction data are not available regarding this issue.
Discussion of a repeat attended PSG with a patient who has had a negative initial PSG is warranted to
ensure further testing is in-line with the patient’s values and preferences, given the potential benefits and
harms associated with additional testing. For these reasons, the TF recommends use of a second night
PSG in symptomatic patients with ongoing clinical suspicion of OSA and a negative initial PSG only after
careful consideration of the clinical situation and the potential utility for the patient.
4.5c Discussion
29, 131-133
The meta-analysis of four observational studies
mentioned above compared AHI data from 2
consecutive nights of PSG (S ee Supplemental Materials, Table S 69 and Figure S 70) and found the
mean difference in the A HI between the 2 nights was 0. 14, which is neither statistically nor clinically
significant. There was a wide range of OSA severity in the populations included in the 4 studies (AHI
range: 7-34). None of the studies included data on body position during the 2 nights of PS G. One of two
132, 133
studies that reported on sleep architecture changes
found a statistically significant increase in REM
133
sleep on the second PSG.
Only 1 of the studies indicated that PSG scorers were blinded to the other
133
PSG result.
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Despite t he minor difference in mean AHI between study nights, a subset of individuals had considerable
night to night variability in their AHIs, which could have potential clinical implications if the AHI crosses a
treatment thres hold only on the second PSG. Using an AHI cutoff of >5 to diagnose OSA, 3 of the
29, 132, 133
studies
identified that 9.9-25% of subjects had an AHI <5 on the first PSG but an AHI >5 only on
the second PSG. Likewise, using an AHI cutoff of >15 or 20 as a potential treatment threshold, 2 of the
29, 132
studies
observed that 7.6% and 25% of s ubjects crossed t his threshold only on the second study.
OSA severity was also noted to vary in a subs et of subjects with 26% to 35% changing the severity
classification of their OSA (in either direction) on the 2 nights, though the majority were a shift of a single
29, 132
category (e.g., mild to moderate).
OVERALL QUALITY OF EVIDENCE:
The overall quality of evidence based on the GRADE criteria for the 4 studies was considered to be high
29, 131-133
for comparing night-to-night AHI variability.
However, the available literature did not address
other clinically meaningful outcomes (e.g. impact on costs, quality of life, comorbidities and long -term
outcomes) resulting from undergoing a second night of PSG testing. As such, the TF downgraded the
overall quality of evidence addressing this question to very low to reflect the likelihood that future
research could result in different estimates of effect for the outcomes of interest, many of which were not
available in the current literature.
BENEFITS VS HARMS:
A second night of an attended PSG in symptomatic patients allows for the diagnosis of OSA in 8-25% of
patients with initial false negative studies. Establishing a diagnosis of OSA in these patients allows for
treatment that could lead to improved outcomes in a variety of areas, including symptom control (e.g. less
daytime sleepiness), better quality of life, and potentially decreased cardiovascular morbidity over time.
However, routinely repeating a PSG in patients with an initial negative PSG has potential downsides.
There is a risk that a repeat testing coul d lead t o false positive c ases being identified. In addition, the
routine use of a 2 night study protocol would cause inconvenienc e to the patient, increased utilization of
resources and healthc are costs, and perhaps even delays in the care of other patie nts awaiting PSG.
Based on their clinical judgement, the TF determined that the benefits of a second PSG outweigh the
harms; however the certainty that the benefits outweigh the harms is low.
PATIENTS’ VALUES AND PREFERENCES :
Patient preference were also considered when weighing the values and trade-offs of a repeat PSG in a
patient suspected of having OSA with an initial false negative study. The patient’s desire and motivation
for further t esting can be affected by a variety of factors from the patient’s perspective (e.g. quality of life,
costs, etc.) and thus a discussion with the patient is warrant ed prior to pursuing repeat testing. Based on
their clinical judgement, the TF determined that the majority of well-informed symptomatic patients would
choose a second PSG to diagnose suspected OSA when the initial PSG is negative.

5.0 DISCUSSION AND FUTURE DIRECTIONS
This extensive literat ure search and review identified many areas that warrant additional study to better
inform clinical decision-making and improve patient outcomes.
More accurate and user-friendly clinical screening tools and models are needed to better predict
diagnosis and severity of OSA, as well as to improve risk stratification and efficiency of patient
management. Identification of biomarkers that detect and quantitate exposure to obstructive sleep
disordered breathing and predict likelihood of adverse clinical outcomes could provide novel information
that may improve the diagnosis and management of OSA. These advancements could also improve the
efficiency by which conventional sleep apnea tests that measure the physiology of breathing during sleep
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are used. In addition, these approaches may be useful in situations where conventional tests may not be
readily available or logistically feasible to conduct in a timely fashion (e.g. inpatient settings, preoperative
clinics).
For patients scheduled for upper airway surgery for snoring, there is currently insufficient evidence to
determine if the diagnosis of OSA through sleep testing can decrease peri-operative risk and improve
surgical outcomes. Because it has been established that questionnaires cannot be used to diagnose
OSA, many sleep experts have followed previous guidelines recommending sleep testing to evaluate for
OSA prior to performing surgery for snoring. Furt her research designs to evaluat e this protocol would be
useful.
While PSG remains the gold standard for the diagnosis of OSA, it involves cumbersome sensors and
monitors that, if were minimized and less invasive, could make PSG more tolerable for patients. Newer
technology that is less intrusive and more comfortable may influence patient pr eferences regarding
diagnostic approaches. Split-night PSG testing, which may improve the efficiency of PSG, has not been
adequately studied. The quality of evidenc e regarding split -night sleep studies is low and additional
research is needed to better determine its overall impact on patient outcomes. Past research often
utilized outmoded testing methodology (e.g. they did not use nasal pressure c annulas) and/or outdated
scoring criteria, limiting its relevance. There is also a lack of data on the utility of split night testing in
patients with significant underlying cardiopulmonary disease. Finally, the cost -effectiveness of split night
studies warrants further exploration.
Significant progress has been made in better understanding the accuracy and clinical utility of HSA T,
however more is needed. Future research should focus on evaluating HSA T devices in patients with
different pretest probabilities for OSA as well as in more diverse patient populations, especially those
routinely excluded (e.g. at risk for hypoventilation and CSA) from past studies, and those unable to be
studied in the sleep laborat ory environment (e.g. due to critical illness, immobility, safety). In addition, the
types and numbers of HSA T sensors nec essary to adequately diagnose OSA require elucidation.
Research should focus on how to better define the optimal physiologic parameters to be measured,
particularly with regards to the minimal number of parameters necessary and how devices measuring
different parameters compare with one another and in different clinical situations. Furthermore, a better
understanding of factors associated wit h inadequate or failed HSA T testing could help to optimize
efficiency of care with regards to choosing the most appropriate diagnostic method for a given patient
and/or clinical situation. Greater study of the cost-effectiveness of home-based management is needed
to better define situations in which it may or may not offer value to the healthcare system relative to
laboratory-based management. Finally, there is a paucity of data on how patient preferences currently
influence clinical decision-making regarding the type of diagnostic testing. The role of patient preference
regarding diagnostic pathways (i.e. HSA T vs. attended PSG) and how this may impact outcomes remains
to be explored.
More work is needed to determine the duration and number of nights that are optimal for sleep testing.
For example, when is a second night of PSG testing indicated in patients suspected of having OSA but
who have a negative initial study. Future studies should attempt to determine factors that may predict
which patients may benefit from a second night of PSG and measure the impact on clinically meaningful
outcomes (e. g., impact on costs, quality of life and medical morbidity). Likewise, the duration and number
of testing nights required to accurately diagnose or exclude a diagnosis OSA with HSA T is in need of
further study. In terms of the minimal duration of HSA T recording time, fut ure comparative effectiveness
studies should consider the impact of HSA T duration on clinical accuracy, clinical efficiency and functional
outcomes. Comparative effectiveness studies should also consider the impact of the number of nights of
HSAT testing on clinically meaningful outcomes and/or efficiency of care (e.g. time to treatment, costs).

32

Finally, there is a need for controlled trials to determine the role of repeat testing during chronic clinical
management. There was insufficient evidence to determine whether and under what scenarios repe at
PSG or HSA T to confirm severity of OSA or efficacy of therapy improves outcomes relative to clinical
follow-up without retesting.
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